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1 

[»*JB2] '>ft<£t> iJI«>9MK1£JI&, ffilBtttt 

tfMBttfle* fcft5»l*5,fcU<S5 2 £ 4: AflW 

ft £ S K , fflia 3fi«tt A* B ct 9 iMt * li Bft 
U^-rt^A*o*ftJK*fcttaftKS:^br*«ttJIdS 

[»#* 3 ] f|«*-e»»f *lxfc«l«tt«*-T-«r*-r 
6d>ft<£t> lg^^tt^^^-S^ S9lB3fi« 

tt ^ 7 = ^ 7 «:i**s-r ^i: 5 tcsae £ 

]|tjfBjgi:fe£tfJg2^B;i<7>? dMB&«tt=tt*»fe 

ft*A*JB«ctt, 8ftEii«fife4*JBJ:5»ft*fcW:aft 
L ^i" t ^« </>Kft JR * aft JR * ^ L r ^ 

[M*«4] ->ft<^t> 2m*>mak&mk* mu&m 

•t 0 6£ft£ fcte^ft b^r^4*^Bftft«* ttaftJK 
IB*o««*^- teaser, 

miEA*^»ft«*fcttaftjR*^uriniBttwttJB*5 

[W** 6 ] 1 ft** LW#*4 1 * 

StJlBA«(^»ftJBI*fcttaftjett lnm^T^J?^^ 
U J^OflME&JHttA 1 , Si, Mg, Ti, T a , 
V. Mn , C r , Z n , C a , Li £3 J: tJMfir±IB7C3Rj&> 

[»** 7 ] flrtt* i ^ Lit*:* 6 l * 
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[«W^*MHftRSJll 
[ 0 0 0 1 ] 

[^^Mt-£ft#T#if] *«»*t»*«:#J 
[0 0 0 2 ] 

<D£ o ft«»»«:»**r*j« (£* 

^«ffl*ttr*5o, sb«ci4««aa[Sfc*^*yftif«> 

[0 0 0 3 ] SlttftiSrffl^tMR^Ii, i&«3c5£«: 

*5!K tt*A^N i F e*4ftif(03lltt^40»fll^ 
fi^HT^fco L*>U *<D«*a*t«ft*W: 2-3% 

[0 0 0 4] — ifi^, ^b'yo^Cft^LtE^: 

J6> So W*.fi» Fe/CrAlfeT-KPhys. Rev. Lett. 6 
I, 2472(1988)), C o / C uAlWKJ. Mag. Mag. M 
ater. 94, LI (1991) ) ft t*<Dfam&M M S:S3i 
K*ttA«JI/#tttt^JIUI/ 

[0005] l^^l, &m&&mmm<oBLiii&&t6& 3 k 
5ftE*aft;ffi*ta* (gmr) sr^-ra«jR^*5^ 

r, *r*ft«*S«:aEft*3S*#bixSCo^Co-F e 

[ 0 0 0 6 ] -^^T*, ±ltfcct3^GMR^O^ 
SR»fti*SrV7hftt5fc»l:, Ni-Fe-^Fe 
ftif^ftflH4JB«r##-rs*Jfi3S4«36*nT^S (4»M 
2P5-206540#4^«ftif#BS) o ^OJ; p/^W 

56? ttJl U)t«5ftr-tt, Mit^n-fe^{c*5it-5#a^ 



3 

[0 0 0 7 ] C<D£? ftBIlC^tLT, W*.«N i F e 
lO*BSr«ftttN i ^>F e ^ 
coifc;* t° y ^/i^^g^ ^ G M R I^rMt 5 i <?: lc 
ior, n i «f e oSMirif g»/<y 1 1 ira 

fE2i*:S^ £^4§^£ixT^£ 0 fl|*.Ji, CoZrNb 
/N i F e/ (Ni-O, Fe-O) /Cog F e/C 
u/Cog F e/F e MnflliSO^ trv/^/U^JRtC^I- 
U «»*JR4a3S^J: 9R9«)«M (Co 9 Fe) 

*XTl^£(J.Appl.Phys.79(8), p. 6399, (1996) ) e 
[0 0 0 8 ] Lj&>Lfta*ib, NiFB|Oj;5ft»8tt 

(J.Iron steel Inst. 160, 261(1948), Physical Cheroi 
stry of Metals McGraw Hill, NewYork, 1953), HDD 

^ 5 HUB*** C££>^n^£>5« 
[0 0 0 9 ]—*, ^ tf^^SfeSL^tt^^^XA** 

r , h /i/M R tc « ^-f 5 3£^teJ§ £ ©c^te/i £ o m 

[0011] 
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So 

[0012] ^mn-(Dx 

[0013] 

ixrv^^ LT^5. 
[0014] *^PJCOm 2 OSfcjaSS^tt, Wsftlfi 2 MIE 

*b7tj:5J-, 4>ft< tt m^mm^mt. miatttt 

A«SS«tt«cA* ft 51 1 *5 J: f£ 2 o&JlJI £ * Mcifm-t 
5«S**^K:*5^T, fJtami*5J:U ? m2(7>^M®o5 

[0015] *3§bJgd® 3 WU IS*:3S 3 (cfa 

tt ^ 7 - a. ? £ 5 J: 5 (cffig s nfcRWMi 
SS^ti, *ft< fct>-ar^3t«tt#^bftS»ii3J: 

i*5ir;*2^6ii©H, mEM«tt#a»e>&5£ 
nr^s^ ^*r»«t ur^So 

[0 0 1 6] #«S(DJ(4(D1«*W, is*«4tcia 
mi^tzX b {C, ^ft<<>^ 2«co3*ffl£i4*^ . ffilE5fifi£ 



5 

ttiLrwt, W5RJB6 (cfssbfc^: 5te, fltrfa^M^m 

HIUI, Si, Mg , Ti, T a , V, M n , C r , 
Zn, Ca, L i &&XfHt±m7t3Si>>bmtttlZ'J>te< 

[0 0 18] *«S(Da«tytli, !»3RlB7l£lB*L 

* v * £ s mm t & jwt-r * r * * £ 

[0019] ^BJcD^^le&^Thi, OT;itf**B 
m ±#ft if 5 3fi«ttJi«oK{t:^ffi^SrfliW]i-s r. £ 

[0 0 2 0] 

[0021] hi i^^ofi i (Dm^m^<o-mmm 
«**^- 1 » i ottwsji 2 /mmwm 3 /i 2 co 

^5o RStt«3tt\ jB 1 05fifl£f4Jl 2 2 05t»tt 

3 i:*Ufc«lS3J:V*2^3S«ttJg 2, 4 tt*ft«x 
[ 0 0 2 2 ] ^LT, mi%>£Tf%S2<D%6Lm&m2. 4 

mit u ^-r i ok< tBi* jt 12 a^jisa* b ft 5 &mik 

[0 0 2 3]flj55 ( tO ! f20giIttl2, 4 13, M*. 
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© 

* tr^o^rRjo^SrSCft^-frsr. 4:3**1114: £;h.T£> 

[0 0 2 4 ] -rftfcfe, 5S«f4 h 109 
g^f^tcir y^Si«!:Sir, ffi l ts&Zfm 2 otttttt 
12, 4 BBtc h >*^«8t*i«'ro »i:fcj:tf«2<£>3S 

* 2 o^ttS 4 <dx tr ^e ± t> s 

Z.<D£ 5ft h^/u««ESr^tf-fe >^««5cottffiS:ay^ 
-f^r 4:fc£-oT, fflr4§-«#*ifo*«*#fctfcB+5 

[0 0 2 5]f I*5j:t;f20aitti2, 4^H, 

fete, «*.tfi»«ttflco(ft«*<?>*«:*Jffl ltt)J:^ 
L, £^tef$jaH-£cfc te*-<7>3it^ttS4^3it 

C o — P t F e - P t &&&M-$f± 

Mtt^tFe, Co, N i &£X?*:fth$:<a& 

RXMn0 3 - y (RJi*±ISAJB, X^Ca, B a *5 <fc 
t^S r ^>b3SimS^^< th im<Djtm. y\Z 0{Z.i& 
l/^ffi) *ifOK^«l»?Kf4*t**, NiMnSb, PtM 
n S b4ifM>f^7'-'&4ft«ttfflt5C^t'# 

^ [0 0 2 7 ] ?S*3, ±«LfcJ:5ft«tt*f»«ctt, A 
g, Cu, Au, Ta, B, C, O, N, Si, Pd, 
Pt, Zr, Ir,W, Mo, Nb, Al, Mg, V, 
Mn, Cr, Ca, L i ft if <D*«tt7C*d»#^4* tl 

[0028] 3 ©HMWtttftt^to^ffS 

Srttfflt5I^^#, Ji]^iAl 2 O3 , S i 0 2 . 
MgO, A 1 N , Bi2 O3 , M g F 2 , CaF 2 ft if 

56? 4c«3&«— JRWM#a£-rS3fts, ^coi: 5ftR«#JRt*fco 
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[ 0 0 2 9 ] JW^ifctt^y-ffc^* LTtttBi-S&JRffc 

■wt * fc » aft t^-r v amitm* it « b 

j«& *ai^^*-3a*C o^N i «Ctt«*tlS!ll«ttJB4 

*Ji 5 0«j*7n* ^ LTtt, fff|x.tf A 1 , Si, Mg, 
Ti, T a , V , M n , C r , Z n , C a , Li, fir± 

[ 0 0 3 0 ] rcoj; 5 ft£*7c*^»ffc**fcttaft;tt 

lei* lnmJ^T^-TSC b*W£ b^o &JRflS**JB5 0> 
J¥$ifl« lnm£jH*.TJ¥< MI4h^/^| 

i asm £ ir©a«tti 4 ^ ttttttJl 6 £ 

[ 0 0 3 1 ] 3tatt/I 4 (Z>tt«*Wi4S:*»-r 

X.l£N i - F e^&, Fe, N i - F e (CM o t£ ¥<Dyt 
^^»LtTO, C o-F e-B^Co-Z r -Nb 

<r> X 0 ft r *r/u y y x «ttW» ft <*f tsr^^T* 
[0 0 3 2 ] ^ IT, r <z>**»ttw3t*tt h ^*/M* 

!MttJl4fcft*LT^*fc«>, ^fioir--/^S 
* ■* * i* tc ± 5 a»s«:K tem<D&it (Dm&^z 

[0 0 3 3 ] If|^<OgfMOj:m« 
a*Bfcflsfcb< tt*ffc^5££#»*|-?#<5fca«>, a«fi 

[0 0 3 4 ] *»WOfK2<oaEft*^-<D***1ll 

[0035] i2 \*&&&i<D$s 2 <nm^m^-<n~mMm 

asa*^ 1011 mi 1 1 /m^ftm i2/?t 
a&je 1 3/mM#m 1 4/i2 o&jis 1 5 a^** 



(S) 4#Hfi 2000-20922 
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[0 0 3 6 ] ^Lt, *l*5J:t)<JS2 0>&*JB 11,1 
5<o5fe, d>ft< £ t»*tt#^btt6«i oAJHJI l 

m r.co»att=&mei i J: o*ft*fctta-fku^-r 
^ir, *«ttJii 7 taJiSixr^s. 021^2 

[0 0 3 7 ] ft*5, ^att&M/I 1 1 ^>St«ttJB 1 3 

ftattgi 7co*^$t^ft<?f^o^Tt>ttjMbitig 
[0 0 3 8] 12 CO^M^ 1 5 *3i«ttflc-c«rt-r«» 

£\ 1 1 CO^M/i 1 1 <h^2(7)^Mii 1 5 tttMLt 

£ft£ ct 5 ic««*-frfcaJBK^«rii"*-6r. ^t>r-# 

[0 0 3 9 ] rcoj: 5ft*S5fi«f± hV*/H(**f 1 
0 (Cjol^T, 5ta^S 13IJ 2oO*l^0|*fl:JB 1 2 , 
14, -Tft^^ 200 hy^IlcJ:otB5*nt*5 

^, ^i#il2, 14^^tTf KOMI M 
ttff) 1 1 ««I 1 3 i (DfW J;«ittg 1 3 i 

jhjii i, siattJBi 3 %>£xfim2<D&m ) m 1 5opa 

[0 0 4 0] COJ: 5 fc«/MHC*3^T\ 1 3 

&-t-#\zm^Wf&\a*&*%)^£ vfam&m 1 3(cgt 

^MS i l if 2 1 5 ir^fflfcig^ftmatrSl 
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ft^ttil l 7 frtt#Lfc3t«te£JHJi 11^ t'v^^ 

£ b (c 14* tr ^ft#*p| h < 

fft>/h£< ft£jfc#>, tEft#ttl:J:5MR«ft*o« 
[0 0 4 1 ] l i fv^^ftcD^^ 

£l4#{CF£:££n5 t><^T-J4ft< , 0.1— lOOram 

[0042] ftio, K«*fi:S:^ja-r55ii«ttJi nil 
iglcPIfeix5t>OT-f4ft< , 3S«ttJB l 3 S:««:jB ^ 

-rs«j»£-#-6^£t>-c#3. -rft^^>, aittin 
/&mfc^mm 1 6/?i«mi i 1 /mmwm 1 2 
/ 1 3 /stmt:® 1 4 ) N /&mm 1 5 *iB 

(N> l:flN|*r) ^«fflt5^4^T*#5 e 
[0 0 4 3] C o»S^)#181tt h 
^lOUKt, »«tt&«Ji i ltc^o J; 
"3 BHb* 14 »l: l^t^Mo^li i4£rt:JBlJ&» 
fcft5£*ft*4WBl 6 4:^UTft1Kttai 7£:tt#L 

^tt^jss 1 1 (Drnt^mitzmm-t z> ^ t &x~% 
fts* ^ot, ^-ajRiaa^ttffift^taAi^Mw-rs 

5 r £ a*»TtB t ft 5 . 

[0 0 4 4 ] 3 <fc«»*^<DSOK#« 

[0 0 4 5 ] (33 J4##Wa>SI 3 XJSfl? 

$^?£^2 0 14, Sl^IS (3S«tt#) 

Ml 2/K*#2 l"C»K*nfcSaWtt«tt J f'2 2£ 

tn?iitt/7^a7-S2 z/mw*m 1 4/12 

(»«ttff*fcl4*«ttA«) lS^bftsa 
[0 0 4 6 ] tit, Sl^J:t;S2(7)Mgl 1, 1 

son, d^ft< £fcK«tt#a»&ft5*i co^ma 1 
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i^*<oB(i<b»*fctta{b«*>bfts&«ft-&»a 1 e 

~^->? >r^o#S3fi«f* h v*^*** J ?-2 oa*« 
[0047] ft*5, 11 («2 <D&mm 1 

5*rafc«tt#-e«*-*-S»**r*W (4, m«Lfc*fe 
Lfc J: 5 4#a©«tttt»-C*rtt 5 ^ fc 

tr^^o MatttAJiaJ: D»ft*fcW:a<t:b^ 

6(o«str»^B5, Wttn 7o«rt*t»ftif^o 

[0 0 4 8] StflM*^-^— Jl 2 314, ^m#2 1 
*fc«attt«tt-?2 2fc»»E*Ufcto-c*>S. ^<r> 

fam&y? -~?-m 2 3t7>^brvi4ja««f4*:^^ 

/7 = i7-S2 3li#'>lifjo#3&?*)ott>J:<, ft 
8#12, i4t-»iSnti^liJ:^ 0 

[0049] ssattaft^ 2 2 

Co, C o - P t Fe-Pt^&, 
/7^^7-S2 3^WI4M^^itt^ 3t 

[0 0 5 0] »H4^7^a7-|2 3 lC£5 £ $£E£f£ 

*TU D3**tt«tt^2 2a**#^£*fc^rafiS#*f 
Mattt**^ 2 2 <Z>««ttC 5~10nm*I«£ 

*03fi«f4««[^-2 2 14, **tb*«-7-iat? h^*^« 

[0051] y?*$:m&'rz>ffin>W2 uir 

14, Al 2 O3 , Si0 2 ,MgO, A IN, B 
2 O3 , Mg F 2 , C a F 2 , S r T i O3 te¥<7>$&<* 
o»«*tt»S:ftffit 5 r i , r<^<t5ft»«#: 

^ + {^±taUfcJ: 5ftiS«tt«tt : 7 L 2 2^^«:^-ti:Sn 
K«tt^7-a7-S2 3^#bh5 0 ft*5, JbfB 

5(? *)oTt) {^T^ Pp^M 14 ft 
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[0052] fam&y? ~=L9-m 2 3 12, mmftiz- 

[ 0 0 5 3 ] ±»Lfc,fc 5fcSSi (WBtttiO 
1 1 t^M^y^^^^-m 2 3 , &J;tm$H£^~ 
* ^ — jg 2 3 il2 0Mi 1 5 £ <7>flfl^te> ^rtu^ti 

^I#|12, 1 4 ^Lt , Si co^Bil 1 1 , 
5fiflSf*^7 Jl 2 3*3j;U<S2CD&;iJI 1 5 *>RI 

2m<Dg>nfem& b tlx***. 

[0 0 5 4] :^1»^7^^7-^^^I 

1 wz.%:<nmimm& d l^^ajiio 
»<^>ia*±*^»-rs *ast*tt h 2 0 

So 

[0 0 5 5 ] £ biC **W<OjS 3 0^58^^^ 
T\ »itt^7-^7-l2 3li l/§{C(5£tb*l5t>tf>T- 

3. 7 — /i 2 3a, 2 3 b £ Jg 12, 14a, 14 

i 7 b-frfeji i 6 /IB i <7>&m« 11/ 

Rt#112/ (SItt^7^ a 7-|2 3/Ki*l 
1 4) N /f2^Ill 5«j£cDQJIJl (N>1 : S 

[ 0 0 5 6 ] gl5^£«ffi^fa v oTm^^:«-r^ P ^-'7" 
-MCD3f^T-&9 , ?IW7-a7-l2 3a, 2 3 
bi:R«#Sl4a, 14 b, Hc^JSCagl 
fcfflJiRJbfc:. Si^MS (»««■#) 1US20 

tAIft^M 1 6 «r^Lt*«tti l 7#»*Siit 

r-# s. 

[ 0 0 5 7 ] &{c, *$>m<nm4 (Dm^m^^mmmm 
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[0 0 5 8 ] H4tt:*»Wo*4«>«**^o-*16« 

BI&SS^- 3 0 11 Si 3 1 

S3 2/fS2 03ft*1*&*JB3 3^btt6«BJi«S:S* 

3 l tt^nj: OBKftifcttHftU^-r^^JR^MlftJBI* 

i35^ag^w5o cti^iMiiaot, 

[0059] 1 *3 £ U<» 2 ^^t^tt^mil 3 1,33 

[0060] m±&£xf$gz<D&m&&m>m 

3 1, 3 3 co^ t'v^^C^rr^^r^^ri^^^^jo^ 
r, »JBfllo»a«:*/hi:*f9, Z<D#M*> bJS l 
i*? 3 l t° y ^fS] ^^^51#^ if (c J: ^) ^6 

88, *2 0tt«tt4*JB3 3<z>^ tr^tt^WSI^^L 

[0 0 6 1 ] Si <7)3£$£^&MJI 3 1 tfVO^faco 

OSIMII 3 3 fr5tttt1£JR£«JI LtlftSrit 
[0 0 6 2 ] SitfKtt&JRJl 31, 33 (CIS, *«<7>*Btt: 
Co-Fe^^:, ^CWtt^tFe, C 

o, N i *5 .tV^nfeSr^tf&AftifwattAJIlWS^ 
ttfflSnSo 3S8tt&*l3l, 3 3«f^« 0.1- 1 

2(Ci^, Cu, Au, Ag*5j;tf:tl^§^^i 

4<? 5 0 ^NSEtt^MB 3 2 oJ¥$ii o. 6~i0nmSg£-f 
[0063] ft*3, ^s^tt^mii 3 1 £*) BMsifcrtca 

«JI 3 4 OWritttW^ff* , ig^tt/i 3 5 0*fiWt*f* 

ir o in r , m» l sufe^tt i^itts^^^ff 

[0 0 6 4 ] COHlM(Z)SVlGMRf 1^3 OIC^ 
50 3 4 ^^Lrftlttli 3 5 SrW*U-0> 



L3 

%)1UT~— v-tXttZlZ 

VfGMR*f 3 OO4#ttco^^{k;4:0SC £tf*T"#, 
[0 0 6 5] *»W<D*4cO««*-T-Wt, «*, 

hfH 7 fc^-f J; 5ft-x^-TA^U;* v bfJ 7<Dm&& 

g) 3 3/«ttMS3 2/§llMII (7y- 
S) 3 1 /Mf^ftg 3 4 /aittg 3 5 /Mf^ 

*s 3 (^y-s) 3i/*itt*ji 

[ 0 0 6 6 ] 118*5^^119^, SVlGMR^3 0 
3 3 fc»LTS3i*ttJBI4 1 SrIB 
fl, ^^S3t«£ttJR4 l^b^Y7^I#^Mt5 
CHaot, 5fi«tt&JRJl 3 3 O^e^^r — ^f6]ic@ 

[0 0 6 7 ] WSOfi, « 2 *5 £ » 3 

««*-?-fc:*3i^Tfc, iio^Ji^iiiC/Tti;; 
ic, R3MfcttR4 1 «r«ffi LTSlttl 4 2^ fcTVS: 
I*t5r^^r-*5c FeM 
n , P t M n , P t C r M n , N i M n , I r Mn , C 
oO, NiO, Fe 2 O3 ft if 0#«OjR5£fi£tt*t£f £ 

3Cj8lt5i«tty7-a9-i 2 3, ZblZlt^tlh 

[0 0 6 8 ] H 8 ~H 1 1 {C^-f^^-> s/ KJHRttft 

5c _b*LfcJ; 5ft*&-&-£t-*5^T, «£»4»J#JR, $£4§ 
r£(cj;oT, HDD<D|E»«Eflcd»b<Dain«*ic»L 

[0 0 6 9 ] £fc, ^jg^tS&J&M^s/ K£ irfflt^ 
*»w^a«*- : f-Ms»*ttJBt4 1 $r#4t6i^, tr 

^ih»Lfct^3**ttJBtiil[*R3il«ttJ|J(4 l Srtt^-Lft 
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ESH«tttt-fr**-r3£JBJK4 3 , Sfcl47iyilt# 
R4 i*ft#urt>j:i\ 7xyffl4^Ig4 4 

/raittS4i («*.«, jt«tt#/#±»/awitt 

b3t«tt#tth c p«jgr-*>S^ fc3ft*H4 L< , Co- 
Pt, Fe-Pt, Co-Pd, Fe-Pd, £ti\$%r 

70 |pj»*tt^»b*u«. ft&, Bi2fe«tVli3l:^ 

[0070] ##«©««*^fc««iB«* j F-fc 

ifflt8i*©»ft«fco^tMt8. B14-B 
•^oflHBJawtS-J-BffBH-tffcS. -Tfttp-fe), 100 

20 b&X-$Z> 0 

[0 0 7 1 ] Hi 4*5,fctfEll 5W*MRttiL*:»«L 

ft, 3H«ttJi4 2Ki«UrjR3S«ttM4 l*:IB«U, £ 
^SS»«tt«4 l^b/<^7^^#^Mt5^^ia 
or, aitti4 2 0^t , y^-^i:|f irt^o 

SS*ttJi4 2ttHl^SSW<53t«ttJl2, H2(c£>tf5 
BHfcfli&JSJi 1 3 , 11 3«C^W5Jt«tt^7=-^7— Ji 
2 3, *fe^«t-tixb^W«fl:i:oaJIJIJlft^TfcSo 

lt, ^m^mm 1 6 ^^ir*itt* 1 7 ^#-5- 
«£tts 1 7 £ smfctts iu <nmm m&umis x 

[0072] £7t, 0 16, Hi 7*S 1 8 

*3^rtt, 4k«tt* 1 7 1 1 fco«JMta*R 

&JKS1 5 3&«l5»«i:ft5 0 
[0 0 7 3 ] ;L<Z)R{, |Eft*^ftSS5«:1K*^5il«tt« 

[0074] ^eir, Hi 9{c^-rj: Ji^bfcJ: 
5 ft*#E 5 1 £ h7^# 5 2, ^^52. 
5(7 ^^-Y V 5 3 , K^fctJ L7^f > 5 4 , fcf 5/ h 7 «Y ^ 5 5 
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* if t * * ^ «c s m ± (c»ffljijD i-r 5 r t i o 

[ 0 0 7 5 ] ±^LfcJ: 5 

*^?/*8r, ^Iftaitr^^^-ir^iteftifoa 

St»*S^2/K, *ftlB«*-T-ftif«ca 
K«:ft< , Si, S i 0 2 > A 1 2 O3 , * M 
[0 0 7 6 ] ****tt-C«Ufc««**Ott 

3s£U i: Z:tlh(D'&&, Al 2 O3 , Si0 2 , NiO, 

[0 0 7 7 ] 

[0 0 7 8 ] 1 

^^y'^SEIfcte.fcO 5 ;* 9iv-**9 &m^x, S i o 2 s 
ffi*5ctOfAl 2 O3 StS-LlCN i soF e 20 £:30nro«JIL 
fcf ICA 1 (0.8nm) SrfiSKU M»S^ft>^lcfA 
ITAlSrRftLfco #C^T*, C09 F e (2nm) £r/&^ 
Lfc#, A 1 (lnra) Mir^^XvMl^, * 



(9) 2000-20922 

16 

OjiCCog F e (lOnra)/ I r2oMnso (14nm) £rfl£j& 
LfCo #gcOJ*JRteN i so F e 20 , C09 F e , I r - 
Mn, A 1 $:<? — ?y V t U A r 1 X 10" 3 Torr 

[0 0 7 9 ] *<D*S*, N i soF e 2 o/A 1 O x /C o 
9 Fe/Al 2 O3/C09 F e / I r MnilO80/i 
m 2 ^Oh^/^MLfco "t^f, 300 

[0080] 270 < tx*gf$PflT 
*»tttt, #)H k =80e i:i^5/h*ftW»T?fttt«c«* 

[008 11 4fc, hy*MI*oWM^Si 
0 2 , A 1 N , MgO, Bi 2 03,MgF 2 > CaF 

S^$r^b7t 0 Ni-FetCog Fe^ffl 

^RtffcC o-F e <fc t? fc»ftl^-*"^£JRWU Co- 
F e ct K> hmt^1"^7t3$X-&>tl&£< , Si, M 
g, Ti, V, Mn, Cr, Zn, Ca, Li, Gd/j: 
4f«r«fflUfc»-&«cfe^rt>, B«<OIK«ejEtt^»bn 

[0 0 8 2] 

[^1] 



!&m 2000-20922 
18 

(7— — ;U : 270SEC1 OOh) 



Sample 


7"-— ;U#J 
MR(%) 


Hk(Oe) 


MR(%) 


Hk(Oe) 


Ni83Fe1 7/S*tOx/CoFe/Si02/Co/PtMn9 
(10nm) (0.8nm) (3nmXl.5nmX5nin)(20nin) 


10.3 


8 


10.1 


B2 


Ni80Fe20/AINx/CoFe/AJN/Co/lr^Mn8 
(7nm) (0.7nm) C2nmXl-2nmX4nmX12nm) 


13.2 


7.6 


12.8 


8 


NtA 1 Fel B/OrOsc/CoFfi/CflF2/Co/PtMrtd 

(1 2nm) (O.Bnm) (1 nmX2nmX3nmX22nm) 


8J 


6.3 


8.7 


6.7 


NiM P»t 7 /A IN x/GoFe/AIN/Co/PtMrt9 
(4nm) (1nm) (3nm) (1 .5nmX5nmX20nm) 


16.1 


7.9 


I 15.9 


8.5 


MiB5Ca1S/MffOx/Co7Fe2Ni/McO/Ca8Fe2/NiMn 
(20nm) (inm) (5nm) (2nm) (flnm) (20nm) 


14.1 


6A 


13.8 


9 


Ni85Co1 5/AIOx/Co7Fo2Ni/AI203/CoBFe2/N iMrr 
<13nm) (0.5ron) (3nro) (I.Snm) (5nm) C22nm) 


17 J 


1 


17 


7.2 


Ni85Co1 5/MgOx/Fe/M«0/Co8Fe2/NiO/NIMn 
<5nm) (OJnmXt OnmXl JnmX8nmXOAtmX30nm) 


17.8 


8.8 


17 


819 


NK85Fe15/A)Ox/CofiPt2/Al203/Co8Pt2/N[Mn 
(9nm) (O.Bnm) <5nm) (1 .4nm) (6nm) (20nm) 


18.9 


7.8 


ias 


8 


Ni8Fe2/A!Ox/CoaPt2/AI203/Co8Pt2//UOx>Ni8Fe2/NiMn 
(7nm) (0.5nm)<4ninXl.5nm)(5nm) (Inm) anm) (20nm) 


155 


7-3 


15.2 


7.9 


Ni85Co1 5/GdOx/Oo7Fe2Ni/AI203/C5o^B2/NiMn 
C18nm) (Inm) (3nm) Onm) (4nm) (22rtm) 


14.5 


7.1 


14-3 


8.5 


Fo/AINx/CoFe/AlN/Co9Pd/PtMn9 


13. 


9 


12.6 


9-2 



tfc^^'J 1-3 

;*/^^©:3oJ;LM ^^-^^^ ^r^^T, S i 0 2 S 
^£>£0<A 1 2 0 3 S1S±^N i soF e 2 0^30nm^S 

u ^co±(cc u (o. snm) &$>m^tzm. $.tinfah!& 

J^Lftl^f&CDN i - F e TM<DZh<DVtm<Dm\Z.^^ 
T, MSi^ft^ClAl, Cu^^t^Ni-Fe 
*rKflSLfct>£>, *fcN i 8 0F e 2 0*30nna*Ufc«, 

fc. 

[0 0 8 3 ] ^b(7)i:(CCo9 F e (2nm) £r 

fiSKU $ <bfCA 1 (Iran) SrritJBtbT^^X^Mftbfc 
^ ^OjifCCog F e (lOnra)/ I r 2 oM n so (I4nm) 
fMBLfc. fi^li^NisoF e 2 o, C09 Fe, C 
u , A 1 , I r 20Mn 8 0^^-^ S> h £ U A r 

1 X 10" 3 TorrX* ^ ^ ^ ^ £fro fc: 0 

[0 0 8 4 ] Ni 8 oF e 20 /C u O x /C o 

9 F e/A l 2 O3 /C09 Fe/I rMn (ttl&F'J 
1) , N i so F e 20 /N i-Fe-O x /Co 9 F e / 
AI2O3/C09 Fe/I rMn (tfc»« 2) , N i 
80 F e 20/ C09 Fe/Al203 /C09 F e / I r 
Mn (it«fj3) <£>#«^CO80*z m 2 

[0085] f^f, B*f«: 300°c[cr^«*^M^^ 

I r Mn W^n y^y^fttI±-C90S«»©* 
£rU 2 l — 0 2 3 tc^r-r o rtiiboD^^fct 9 (c, ^ 



[0 0 8 6 ] mSWI 2 

*'*y*^«:fcJ:tM Si0 2 S 

1££>£tFA 1 2 O3 S«-LtCF e £:20njifflJB U *r£>_h 
ICS i & 0. 5niM Lt«^^f t lfc 0 
J<? #Ct N T% Co 8 Fe 2 (2nm) £j&J^L. ^CD±.\ZAl& 
lnmSlLt^7X-78jbltt, Co-Fe-Pt^r 

L/Co ^OiCC 09 FbS: 2nmffifiLt«, P t -M 
n £20nroJ&J^Lfc o <DfiS;lRtt F e , Co 8 Fe 2 , 

C05 Fe 3 Pt 2 , A 1 , Si, PtMng 
yh£U Ar^f^iE IX 10" 3 TorrT^^iy ^£r*To 

[0 0 8 7 ] Fe/S iO x /Co 8 Fe 2 

/Al 2 O3 Co-Fe-Pt/Al 2 O3 /C09 F 
^ e/P t - Mn^itcO50/zm 2 ^©2lh V^/^^^r 
ft^Lfc 0 fof, ^:»^r 250 o C(cr^«^^M^-r^> 

[0 0 8 8 ] _b!E h V^/U^^r 270°C(crSP#FflT ^ 

to3B»S:a2 4l:*to H 2 4 {c^-T J: 5 {S«* 

L7c Q 



(11) 



2000-20922 
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[0 0 8 9] Htzs h^«*(OWM*Si 

0 2 . A 1 N, MgO, Bi 2 0 3 >MgF 2 , CaF 
2 # fclRl«£>«[q]S:^U hy*^**©W* 

»*«T«Lfc. FeirCo 8 F e 2 <t <£>MlC^:tttf:C o 
-FeinKfttW^lli, Co-Fein^ 

fbU^ a -rt^a*'Cfcix«J: < > ai, Mg, Ti, v, 

Mn, Cr, Zn, Ca, Li, G d ft £$: £ 

[0090] mmm 3 

xstypmwi&m^x, s i o 2 ig*5j:(/A 1 2 o 3 

lffi±(CN i so F e 2 o^ 7nmStii Lfcft, A 1 (0. 7nra) 

*t^T% CoJfcliCog Fe(l.Snm) SrjSJRbTt 
SCCu^SIl, ^^±^C o (3nm) /\ r 20 Mn 8 0 
(I4nm) £fcteCo 9 F e (3nm) /\ r 2 oM n so (I4nm) 
^itfco #i^«^Ni 8 oFe 2 o> Co 9 Fe, 
C u , A 1 *# — ?y h^l, A r JfXf± 1 X 10" 3 Torr 

[0 0 9 1 ] -t(7>S*, N i 8 0F e 20 /A 1 O x /Co 
9 Fe/Cu/Co9 Fe/I r M n , NisoFe 2 o/ 
AlO x /Co/Cu/Co/I rMnM^^K 

#4»1»*&3IU I r Mn(D^n ^ ^r>^taffiiH_br90M 



20 



70 



[0092] ±iBE*a«««t»**^ (* tr wu:/ 
[0093] (* trv^^yut) 

^IMll^Ag, Au, C u — Au. Cu-A 

fc e ^fc, Ni-Fe£Co 9 F e ^tliC o ^Pfl[C 
8tftCo-F e^*C o«t 0 t>8Hfc U^"t"^4&JilJ3:, C 
o - F e^>C o X K> hWtft^-r^TtZiX-ibtlttX < . 
Si, Mg, Ti, V, Mn , Cr, Zn, C a , L 

[0 0 9 4] 
[1*2] 

(7— — )\* ; 270JSC1 OOh ) 



Sample 


MR(%) 


Hk(Oe) 


MR(%) 


Hk<Oe) 


Ni83Fe1 7/SiOx/Co8Fe2/Cu/Co/PtMn9 
(5nm) (0.8nm) (2nm) (2nmX4nmX20nm) 


7.3 


7 


7.1 


6.9 


Ni80Fe20/AINx/Co9Fo/Cu/Co9Fe/lr2Mn8 
(7nm) (a7nm) (3nm) (2.2nmX3nmXl4fim) 


8.2 


6.6 


8.8 


7.5 


Ni81Fel9/CrOx/Co/Cu/Co/PtMn9 
(IZnm) (0.8nm) (1nmX2nm)(3nmX22nm) 


7.9 


7.3 


7.7 


7.7 


Ni83Fel7/AINjt/Co7Fe3/Cu/Co9Fe/PtMn9 
(4nm) (Inm) (3nm) (1.5nmX5nm)C20nm) 


8.8 


7.2 


8.6 


8 


Ni85Co1 5/MfiOx/Co7Fe2Ni/Cu/Co/Ru/Co/NiMn 

C20nm) (1nm) (2nm) (2nm) (3nmX0.finrnX3nm) (20nm) 


8.4 


6.8 


8.3 


8 


Ni85Co1 5/MgOx/Co7Fe2Ni/Cu/Co9Pt/Ru/C«9Pt/NiMn 
(20nm) (1nm) (2nm) (2ivn) (3nmX0.8nrnX3nfTi) (20nm) 


8.1 


6.8 


8.3 


8 


Ni85Fel5/AIOx/Co7Fe2Ni/Cu/Co8Fe2/NiMn 
(13nm) (05nm) (3nm) (2.3nm) (5nm) (22nm) 


7.3 


8.4 


7 


8.2 


NI85Co 1 5/MgOx/Co9Fo/Cu/Co8Fe2/NiO 
(5 run) (0.7nmX3nniX1.7nmX8nmX30nm) 


\2JB 


8.2 


12 


8.9 


Ni85Fel5/AIOx/Co8Fe2/Cu/Co8Fe2/NiMn 
(9nm) (0.8nm) (4nm) (1 .9nm) (6nm) (20nm) 


7.9 


7.8 


7.5 


8.5 


NiMn/Co9Fe/Cu/Co9FB/AJOx/Ni8Fe2/A10x/Co8Fe2/Cu/Co8Fe2/NiMn 
(22nmX5nm)(2nmX15nm)(0.5nmJ (7nm) (0.5nm) (1 ^nmX2nmX4nmX22nm) 


145 


8.5 


15,1 


7.9 


PtMn9/Co9Fe/Cu/Co9Fo/AIOx/Ni8F©2/AIOx/Co8Fe2/Cu/Co8Fe2/PtMn9 
(20nmX3nm)(1.7nmXlnm)(0.5nm) (8nm) (0.5nm) (1nmXl-7nmX3njnX20nm) 


15.5 


7.4 


15.3 


8.5 


NiMn/Ck>9F e /Cu/Co9FB/AIOx/Ni8FB2/AIOx/Co8Fe2/Cij/Co8Fe2/Ir2Mn8 
(l5nmX3nm) (2nm)(2nm) (0.7nm) (9nm) (0.7nm) C2nmX2nmX3nmXt5nm) 


14 


8 


14.6 


8.7 


Ni85Go!5/AIOx/Co9Fe/Cii/Co8Fe2/Gd/Co/NiMrt (77K) 
(5nm) (0.7nmX2nmXl .7nmX3nmX3nm){3nmX30nm) 


I8.fi 


10.2 


18 


10.9 



^/^^8fi«:ffl^t, S i 0 2 £5 XXI A 1 2 O3 WSL Cu^o.fc^Ni-Fe SrBMfc L)t t> O , £ fc N igoF e 

±(CN i 8 oFe 2 0^ 7nraiiLfcf , C u (0. 7nm) £rtft 20^ 7nin^I ItfCS^^^IrM^iA l^o tt) 
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(1.5nra) joJ:t;Cu^)SIILfcf, ^±l:Co 9 Fe 
(3nm) /I r 2oMn 8 o(Hnra)^Klfco &m<Df&m$ 
N i soF 6 20^ C09 Fe, Cu, AK I r2oMnso 
— y^htl, Ar^E lX10" 3 Torrt^^V^ 

[0 0 9 5] t<D^^ y N i so F e 2 o/C u O x /C o 
9 Fe/Al 2 O3/C09 Fe/I rMn (tt^^'J 
4 ) , N i so F e 20/ Ni-Fe-O x /Co 9 Fe/ 
AI2O3 /C09 Fe/I rMn (it^^'J 5) , N i 
80 F e 20/ C 09 Fe/Al203 /C09 F e / I r 

[0 0 9 6] _blE* yfi/^j^m* 27ox:r-gB#p^r- 

C0g*$ri2 6-@2 8(C/Tt o rixb^iat^-f £ 5 

[0097] mmm 4 

^^^e^u^ &m^x. mmts i 

IS±i-N i - F e ^40nm^|ii L/t^, A 1 N£r lnmj& 

Jgb, ^coitccos P t 2 JK£r 5rui]^^Lfc 0 

X\ Co 8 Pt 2 i0 2 ^^-y^h^U, Co 

8 p t 2 £ s i o 2 co^ffltfc^^, inicftfij: 5{c(^b# 

*'*y**'<l^*L 0 ^CDBg, Sffi/^r^^ UT400W* 
36>tf ftjasfefiJJKSrfi 1 5 (Co 8 Pt 2 -Si0 2 ^ 
7^a7-/Si0 2 ) CO«^tfl|SJg(llnm)^©^n 
fco tOi^S i0 2 £r#) Inroj&j^b*:^, Co 9 Fe 



(12) Wffl 2000-20922 
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^30nm^^bfc o ^OlgOA r #:*EEI3 lX10~ 3 Torr£ 

[0 0 9 8 ] ^(OjB*, Ni-Fe/AlN x /Co 8 
Pt 2 /Si0 2 / (Co 8 Pt 2 -Si0 2 
=7—/ S i 0 2 ) /Cog «itCO50jLzra 2 ^(D^M 1 ^^ 

^-Lfco »iM*#^Co 8 P 

t 2 -S i 0 2 y^^^zr-mt&mjD&it&tt'bZ^ 
10 N i - F e /A 1 N/C os Pt 2 » Cog FegOt 

[oo9 9] Jbia h^/Mfc-fr* 27o°cr*e^Pflr-- 
ftS&EI 2 9 (c^-r o l2 9i:^fJ:9^ ilit-o 

K, IJftyt, aHMBtMTf-fc LTfiffft»ttSr*l 
[0100] h ^/MK-S^BffttieJBa* a 1 2 o 3 , A 

IN, MgO, Bi 2 O3 , M g F 2 > CaF 2 <&h% 

t- Q £T~, Ni-FetCo-Pt^fKc^tfcCo 
-P t X *) hWtit^T^&MI*. Co-Fe^Hl 
{fcl^^7C*^*>ixKJ:< , Si, Mg, Ti, V, 
Mn, Cr, Zn, Ca, Li, G d ftifSrffll^i:^ 

[0101] 
1^3] 



(13) 4#H 2000-20922 

23 24 

^:270gC1OOh) 



Sample 






KATDf Of. "\ 

ivirxv J 




Ni83Fo17/SiOx/CU>Fe/Si02/(Co8Pt2-Si02^7-a7-VSi02/CoFe/if2MnS 
f10nm) «.Bnm)(3nmXl.5Tim) (Brim) (1.5nm){4nn0 Q7nmj 


9.3 


7-8 


9 


8.2 


Ni80Fo20/AJMx/CoFe/AIN/(Co-AINr7^7-)/AIN/Co9Fe/FHMn9 
Onm) (0.9nmX2nm) (2rm) Cllnm) <2nm) Onrn) (22nm) 


12 


d£ 


13 


7.3 


Ni8Co2/AI0x/Go8Fa2/AI2O3/(Fc8Pd2-AI2O39 7^i7-)/AI203/NiFe/NiMn 

(t 5tim> (0-5nmXl nm) (1 .5nm) Onm) (1 -5nmX5nm)(22nm)__ 


13.3 


7.1 


13.9 


7.2 


NiBFe2/Mg0x/Co8Fe2/AJ20V(Fe8Pd2-AI2O3^7^7-)/AI2O3/NiFe/NiMn 
OOrotO (1nnQ(4nm) (1.5nm) (8nm) (1.5nmX8nm) (25nm) 


12.2 


&5 


12 


7.9 


Sample 


r— — ;nh 

MR(%) 


Hs(Oe) 


MR(%) 


JUS 
Hs(Oe) 


Ni8Fe2/Qd0x/Ca9Fe/AJ203/(CoaPt2-AI2O3^7^i7-yAI2O3/Co9Fe 
(20nmX0.5nmX2mn)(1.2ron) (10nm) (l^nm) (10nm) 


13 


3 ! 


13.4 


3 


Ni8Co2/M£Ox/Fe/MgO/(Co8Pt2-M^r7^7-)/M^/Cc>9Fe/MgOx/Ni8FB2 
OOnmX0.5nfnX10nm)(1-2nm) <10nm) (l.lrwn) (10ninX0.5nnO<9nm> 


13.2 


1J9 


13.4 


t.9 


Ni85Col5/ZnOx/(>>8Pt2/AI02/(Co7Pd3-AI203r7^i7-)/Ai203/Co/AIOx/NBFcj 
fAr^S tti7nm> f2nm) flnm) (7nm) (1nm) (7nmX0.6nm) 


15.9 
[8nm> 


1J 


15 


1 


Ni8Fe2AT«x/Co8Pt2/AI203/(Co8Pt2-At2O3^7^^)/A!203/Fe/Ti0x^i8Fe2 ] 14.9 
ClOnmX0.5nmX1nm)(1.5nin) M2nm> d.Snm) (4nrnX0.7nrnX7nrn) 


1J 


14.2 


1.8 


Ni85Co15/CrOM/Co8Pt2/Ai203/(Co8Pt2-AI203^7^~VA!203/Co/CrOx/Ni8F| 13* 
/on_ % mo — M fiOnm) (1.3nm) (2nmX0.3nm) (lOnm) 


I 


13.5 


2 


N«Fe2^0)^Ck>8Pt2/Air4/CCo8Pt2-AINy7^i7-)/AJN/Co/VOx/NiaFc2 
(7nmX£> 5fimX2nm) <12nm) (7nm)- (1 inm) (1 mnXO.Snrn) (1 Snm) 


112 


1.3 


11.8 


\B 



fcfc«S« 7 

Sffi_LMN i soF e 20 £40nn«JI Lfc^, ^COjifCC o 
8 Pt 2 (5mn) ^11, t^l^Cos Pt 2 ^Si 
0 2 ^r^-^> Rlt, Cos Pt 2 i: S i 0 2 

BR, *IS^>rr^400W*dMtft^bj«J|JIS:tT5i:, (c 
o 8 Pt 2 - Si0 2 — a. 7 — / S i o 2 ) <nM^t 
mmm&ft&£tl1Z. *r<^±M, S i 0 2 lnraritJR 
bfc^tC, C09 F e £30nmJ5£J^ Lfc e ^ <OWk<^ Jf 
\$ lX10" 3 Torrr*^/^ ^^^tTofc. 
[0102] ^©M, Ni-Fc/Co 8 P 1 2 /S 
i0 2 / (Co 8 Pt 2 - Si 0 2 ^^ — ^ 7—/ S i 
0 2 ) /C 09 F e*itO50^m 2 ft OSSHfcf*^ = a 

£ 300nc«cr«»*IRte3aUT— tt**tt«:tt*bfc. 
[01031 -hlBhV^/u***: 270°CT-fiP#Pp8T~ — 

[0104] ^Jfe#J 5 

Tt^sB^i-fNfiiUTtwsr^-ro co 8 pt 2 ^ 

S i 0 2 — y ^ h £ LT, Cos P t 2 £Si0 2 



<0BK, |gl:^;^^^S:^, T ;*400W£r£> 
ttftj&>feJ*JK3:fTl\ 100|2m 2 ^coSiO 2 / / (Co 
8 P t 2 -S i 0 2 if? — *.^ — /S i 0 2 ) CO 2mM 

(^327nm) ^0|5g<7>A r Jf^frtt 1 

X 10" 3 Torr^ Lt ^ /< ^ * £*T-o fc 0 
[0 10 5] ^CD_b{C, C r ^8»^ffl^tU^ 
* h - — V^Lfcft, _k^mt±mx$bZ>C o 8 P 

J0 t 2 (3nra) / A 1 O x (0. Snm) /Nis Fe 2 (lOnro) 
J*flSU V 7 V*7\Z. X 9 20/zm 2 ft^- V^Kl 

fc. 

[0 10 6] ±1E h>^/^«'&«r 270 0 Cr^3$^T- — 
jB*Sri3llOTt ft 13 1 {c^-TJ: p (c, filit-w 

[0107] h ^^ffi^(Of|«f*:S^A 1 2 O3 , A 
IN, MgO, B 12 O3 , MgF 2 , CaF 2 <D t # 

7to £fc, Ni-Fe^rCo-P OFfl(CK«t7tC o 
-P t «t *) tBtftL^-t-^AMW:, Co-Fei:ni 
^L^»-ri^7c*t?*>ixtfJ: <> Si, Mg, Ti, v, 
5(9 Mn, Cr, Zn, Ca, Li, G d ?Jt t*&f$ t N fc ^ 
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[0108] Xlfcffil 6 
*'*3>*$£fi*5J:tM $ Sr/fJi^T, S i 0 2 £ 
1^*5 «t VA 1 2 0 3 S4R±ICN i soF e 20* 15nro8f8 L 
Mg(0.8nm) «8**f+^k:»A 
ItMgSrSfttfc, #C^T% C o F e (2nm) ^J&j^L 
fcflL Al (lnro) fcaiHTy7X^«ftLtft, ^CD 
_h(CF e P t (I0mi)/Mg (0. 7nm) /N i 80 F 8 2o(2n 
m) Ir^lfc^ll, FePt(10nm)$:MLfc^I 
m<D 2«» Srf^JBUfc. Ni 8 oFe 20 , Co 
F e , Al, Mg, Fe 8 oPt20^^-^f^t, A 
r^f^S lX10~ 3 TorrT-;*^:y^£tTofco 

[0109] , N i so F e 20 /Mg O x /Co 

Fe/Al2 03/FePt /M g O x /N i 80 F e 20 
fcctt^N i so F e 20 /Mg O x /CoFe/Al 
2 O3 /F e P t«i&C0 2«®<7>80y ro 2 h 

[0110] 132 (a) , (b) (C^LfcJ: 5 i-, M 
gO x /N i 8 oF e 2 o*r*i«**«>3t«tt* ('^~ K 

»**/hS < 4 t> , ra«ts:^j^< , N i soF e 2 o 

SfctfT-, ttiftiMifr SiS ftfltfcRtPC* 5 r i: 

[0111] JbfBN i 80 F e 20 /M gO x / C o F e / 
Al 2 O3 / FePt /Mg O x /N i 80 F e 20**§£> 

(c) tc^-f 0 03 2 (c) &^»co^ 

K, rajM*:^ «*|E*5lH^ Ltfiff4»ttt*L 

[0112] h V^^S^^Ktfrl^ S i 0 2 , A 1 
N, MgO, Bi 2 O3 , MgF 2 , CaF 2 <D £ £ t> 

SIR, R3t«tt«o«IOI^*#*rnill^»*fc*L 
f: 0 Ni-FeiCoFetf:^Fe-Pt^ 
IH«CRtf fcC o-F e £fcW:F e - P t J: 0 fcKffcL^ 
■Tl/^Jl^, Co-Fetfclj:Fe-PtJ:niftt 
^■t-t^TCtK^fcttlict < > Si, A 1 , T i , V, M 
n, C r , Z n, C a , Li, *±Sg7cS?ft £ ^fc 

[0113] 
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